The laminar boundary layer MHD threedimensional mixed convective flow of Maxwell nanofluid towards a bidirectional stretching sheet with non-linear radiation is analyzed. A constant magnetic field is implemented normal to the fluid flow direction. A numerical technique of Runge-Kutta-Fehlberg (RFK45) is utilized to obtain the numerical solution of the dimensionless coupled ODEs with associated boundary conditions. The various pertinent dimensionless parameters on the flow are examined with the help of graphs and tables. Results shows that, nonlinear thermal radiation is more influential o on temperature profile when compared to linear thermal radiation.
Introduction
The common heat transfer fluids like as water, ethylene glycol and oil have small thermal conductivity and they are unable to fulfill the growing demand of new advanced heat modern technologies. To overcome this aspect, thermal conductivity these convectional fluids are enhanced by addition of small solid nanoparticles. Therefore, nanofluids are the fluids acquired by suspending small volumetric quantities of nanometer-sized particles in the base conventional fluids. Improving the thermal conductivity of in convectional fluids with nanoparticles has initially studied by Choi [1] . The interaction of hydromagnetic motion in nanofluids has favorable applications in physical engineering, modern metallurgical process, applied chemistry and the polymer industry. There is also a great importance to the analysis and magnetohydrodynamic fluid flow problems in physiological fluids like as blood pump machines and peristaltic plasma pumping. Recently, many authors analyzed various boundary layer flow problems of a nanofluid in the presence and absence of applied magnetic field over a flat surface under different geometries [2] [3] [4] [5] [6] [7] [8] [9] .
The importance of thermal radiation has obtained much attention of various scholars due to its numerous applications in physics, industrial chemistry and practical engineering applications such as nuclear reactors, polymer processing, furnace design, furnace design, gas cooled, glass production, and space technology. Electromagnetic waves are plays most responsible to transfer heat via radiation. Thermal radiation in flow and heat transfer processes is of major interest in the design of many advanced energy conversion systems operating at high temperature. Thermal radiation effect becomes important when the difference between the surface and the ambient temperature is large. Many authors studied the effect of linear thermal radiation on heat transfer of both Newtonian and non-Newtonian fluids over a stretching surface [10, 11] . But a linear radiation is not valid for high temperature difference and also dimensionless parameter that is used in the linearized Rosseland approximation is only the effective Prandtl number [12] , whereas in the nonlinear approximation the problem is governed by three parameters, Prandtl number, the radiation parameter and the temperature ratio parameter. The interaction of three dimensional nonlinear thermal radiation on Jeffrey fluid flow studied by Raju et al. [13] and reveals that the mass transfer rate on the flow in shrinking sheet is lower than stretching sheet. Khan et al. [14] presented non-linear radiative flow of three dimensional Burgers nanofluid with convective boundary conditions. They observed that for enhancing values of the Brownian motion parameter lead to a rising in the concentration field as well as associated thickness of concentration boundary layer. Mixed convection Al 2 O 3 -water nanofluid flow inside a vertical micro annulus by various modes of nanoparticle migration has recently investigated by Moshizi and Malvandi [15] .
Heat and mass transfer flows with Soret (thermaldiffusion) and Dufour (diffusion-thermo) effects have been substantial attraction among many researchers owing to various grown engineering applications such as manufacture for rubber and plastic sheets, chemical production engineering, geophysical processes, Catalytic process, compact heat insulation exchangers and design of nuclear reactor. A considerable amount of research work has been done to show the importance of diffusion-thermo and thermal-diffusion and effects for the different aspects. Postelnicu [16] presented influence of soret and dufour effects on heat and mass transfer over vertical surface with magnetic field. Interaction of Soret and Dufour effects on radiative and hydromagnetic flow in nanofluids over a vertical non-linear sheet was recently investigated by Pal et al. [17] . They found that an increase in Soret number diminish the friction factor and rate of heat transfer.
The explore of non-Newtonian fluids are very significant important topic for many researchers because of it has various applications which include in fabric glass production, starch suspensions, petroleum production process, paper pulp, polymer production, cement slurry, polymer processing industry and Biological fluids. Some of nonNewtonian fluids are Casson fluid, viscoelastic fluid, tangent hyperbolic fluid and Williamson fluid in which reporting the nonlinearity behavior. Maxwell fluid is simplest suitable rheological fluid model for the nonlinear reaction of shear thinning fluids. Many researchers studied nonNewtonian fluid flows over different aspects and dimensions due to the important quoted applications [18] [19] [20] . Although nanofluids have been studied almost completely as Newtonian fluid, recently, their rheological properties have been established by non-Newtonian modeling of nanofluid transport phenomena. Recently many authors studied the flow and heat transfer phenomena of nanofluids with non-Newtonian fluids as a base fluid [21] [22] [23] [24] [25] .
Simultaneous effect of heat and mass transfers will also cause a cross diffusion effect. Both Brownian diffusion and thermophoresis give rise to cross-diffusion terms that are in some ways analogous to the familiar Soret and Dufour cross-diffusion terms. Due to much attention in many fields that includes solid state physics, chemical engineering, geophysics, and oceanography, the research on the double diffusive convective boundary layer has become a topic of great interest. The flow problem of triplediffusion type comprising of heat, nanoparticles and solute has been scrutinized by Kuznetsov and Nield [26] . They used nanofluid model which incorporates the effects of Brownian motion and thermophoresis, in Darcy porous medium. Khan et al. [27] employed Runge-Kutta Fehlberg method to investigate the stagnation point flow of nanofluid with thermo-diffusion effect. Goyal and Bhargava [28] considered second grade fluid as a base fluid with suspension of nanoparticles in the boundary layer flow problem in the presence of thermo-diffusion effects. Satyaban et al. [29] described the thermal diffusion and diffusion thermo effects in the Powell-Eyring fluid flow over a nonlinear stretching surface. Kandasamy et al. [30] explained the mechanisms of heat and mass transfer in the MHD flow of nanofluid in the presence of mixed convection, thermo-diffusion and convective boundary conditions and showed that, existence magnetic field controls the features of flow, heat and mass transfer. Akbar et al. [31] investigated the double-diffusive boundary layer flow of nanofluid with the consideration of magnetic effect and obtained dual solutions for the stretching parameter.
The flow of non-Newtonian nanofluids submerged with nanoparticles is significance to industrial applications specifically in nuclear reactors and nuclear systems cooling for rising energy efficiency. The application of non-Newtonian nanofluids in water-cooled nuclear systems could result in a significant improvement of their economic performance and/or safety margins. NonNewtonian fluid mechanics has been an important subject of research due to its applications in food processing, petroleum, chemical and polymer industries. Furthermore, the features of the flow of the common fluid in industry like biological fluids, motor oils and polymeric liquids can be described by using non-Newtonian fluid. In view of these applications, the main objective of the present paper is to investigate the interaction of double-diffusive on three dimensional Maxwell nanofluid flow by including the effects of thermophoresis and Brownian motion with non-linear radiation. The governing basic equations for the present flow are modeled and transformed to couple non-linear ODEs by impose the suitable transformations. Local similarity solution is obtained numerically by RKF-45 method with Shooting technique. The influence of various physical fluid dynamical parameters on the flow are presented and analyzed by using the graphical aid.
Mathematical Analysis
Consider a three dimensional steady, incompressible, laminar flow of a Maxwell nanofluid over a stretching surface at z = 0. The sheet is aligned with the xy-plane (z = 0) and the flow takes place in the domain z > 0. Let u = U w(x) = ax and v = V w(y) = by be the velocities of the stretching sheet along the x-and y-directions respectively. The sheet is saturated by a binary fluid with dissolved solutal and containing nanoparticles in suspension. Let T w, Cw and γw be the constant values of the temperature, nanoparticle concentration and solutal concentration of the sheet and these constant values are assumed to be larger than the ambient temperature, nanoparticle concentration and solutal concentration which are represented by T ∞, C∞ and γ∞ respectively. Brownian motion, thermophoresis, nonlinear thermal radiation, Dufour effects are employed in the energy equation whereas solutal equation includes Soret effect. Conservation of mass, momentum, thermal energy, nanoparticles and solute are as follows [18] , 
where u, v and w are the velocity components along the x and y direction respectively, v is the kinematic viscosity of the fluid, ρ f is the fluid density, λ is the relaxation time, g is the acceleration due to gravity, β T and βγ are the volumetric thermal expansion coefficient and volumetric solutal expansion coefficient of the nanofluid respectively, ρ p is the density of the particles, σ is the electrical conductivity of the fluid, α is the thermal diffusivity of the fluid, τ = 
where subscript w denotes the wall condition, a and b are constants. By using the Rosseland approximation, the radiative heat flux is given by,
where σ* is the Stefan-Boltzmann constant and k* is the mean absorption coefficient. We introduce the non-dimensional similarity variables as,
with θ w = T f T∞ , θw > 1 being the temperature ratio parameter.
Using equation (10) , equation (1) is satisfied and the nonlinear partial differential equations (2) to (6) are reduced to nonlinear ordinary differential equations as below.
Corresponding boundary conditions are,
where λ * is the mixed convection parameter, Nc is the regular buoyancy ratio parameter, Nr is the nanofluid buoyancy ratio parameter, β is the Maxwell parameter, Rd is the radiation parameter, Pr is the Prandtl number, N b is the Brownian motion parameter, N t is the thermophoresis parameter, Nd is the modified Dufour parameter, Le is the nanofluid Lewis number, Ln is the regular Lewis number, Ld is the Dufour solutal Lewis number, c is the stretching ratio parameter. These parameters are defined as
depends on x, the solutions are only locally similar except when λ * = 0.
The local Nusselt number is defined as,
Using equations (10), equation (18) 
Numerical Method and accuracy
The system of equations (11) to (15) with boundary conditions of (16) have been solved using Runge-Kutta-Fehlberg fourth-fifth order method along with shooting technique. In the first step, Eqs. (11) to (15) are discretized to a system of simultaneous differential equations of first order by introducing new dependent variables. Missed initial conditions are obtained with the help of shooting technique. Afterward, a finite value for η ∞ is chosen in such a way that all the far field boundary conditions are satisfied asymptotically. Our bulk computations are considered with the value at η ∞ = 6, which is sufficient to achieve the far field boundary conditions asymptotically for all values of the parameters considered. For the present problem, we took the step size Δη = 0.001 and accuracy to the fifth decimal places.
To minimize the truncation error, the grid independency test is performed and numerical values are tabulated in Table 1 . The present code is tested for grid independency by calculating Nu x with different mesh sizes. It is found that a grid size of 200 ensure the grid independent solution for the present case.
To have a check on the accuracy of the numerical approach used, we have computed f (0) and g (0) that are carried out for viscous fluid for various values of stretching rate parameter and compared with the available published results of Liu and Anderson [32] and Mushtaq et al. [33] in Table 2 and they are found to be in excellent agreement.
Result and Discussion
Numerical computation is carried out for several set of values of the Maxwell parameter (β), mixed convection parameter (λ * ), Prandtl number (Pr), radiation parameter (Rd), regular buoyancy ratio parameter (Nc), nanofluid buoyancy ratio parameter (Nr), Brownian motion parameter (Nb), thermophoresis parameter (Nt), temperature The influence of Maxwell parameter on axial velocity f (η) and transverse velocity g (η) are plotted in Fig. 2 . It is revealed from the figure that with an increase in Maxwell parameter β, it produce resistance in the fluid axial velocity flow and transverse velocity. Furthermore, the magnitude of velocity curves and the boundary layer thickness diminishes for larger values of β. It is further concluding that when we boost the Maxwell fluid parameter β indefinitely, current phenomena trivially reduce to the case of Newtonian fluid. The effect of mixed convection parameter λ * to the two velocities are depicted in Fig. 4 . From the figure, here we can observed that as λ * increases, the velocity profile f (η) and associated momentum boundary layer thickness increases. It is because of combined effects of mixed convection parameter due to the thermal, concentration and solutal gradients behaves as a pressure gradients which enhances the velocity along x-direction. While the quite opposite effect can be observed for the velocity profile g (η). The temperature profile for different values of Prandtl number is shown Fig. 5 . It is obvious that an increase in the Prandtl number results in deteriorate in the energy boundary layer thickness. This is due to fact that the thermal diffusion rate declines with increase of the Prandtl number.
The thermal radiation impact is principally the occurrence of diffusion flux owing to temperature gradient and as a result the dimensionless energy function and the thermal boundary layer thickness is enhanced which is evidently shown in Fig. 6 . Here we have considered both linear and nonlinear radiation effect to study the rate of heat transfer for the existing parameter. From, the obtained result we conclude that nonlinear radiation has more influence as compared to linear radiation. The effect of temperature ratio parameter θ w on dimensionless temperature function θ(η) can be seen in Fig. 7 . It illustrates that, with an increase in the temperature ratio parameter θ w correspondingly magnify the temperature near the surface and hence the thermal boundary layer thickness. This is be- cause fluid temperature is much higher than the ambient temperature for increasing values of θ w, which increases the thermal state of the fluid. Further observation proves that the temperature profile for nonlinear stretching sheet is more influenced than linear stretching sheet for increasing values of θ w. The temperature and concentration profiles for the distinct values of Brownian number Nb are shown in Fig. 8 and Fig. 9 . From these plots we found that the temperature and concentration have opposite behavior for boosted values of Nb and simultaneously the strengthen energy boundary layer thickness but reverse to the species boundary layer. The impact of Dufour solutal Lewis number Ld on Solute profile is presented in Fig. 10 . The solute distribution h(η) hiked with an increase in Dufoursolutal Lewis number Ld. It is observed that for increasing values of Du-four solutal Lewis number Ld, with in the solute boundary layer, it enhances the solute function. Variation of nanofluid concentration profile for the varying values of Lewis number can be seen in Fig. 11 . It illustrates that, increase of Lewis number makes the profile to decrease due to dependency of Lewis number on Brownian diffusion coefficient. Effect of regular Lewis number on solutal concentration profile is analyzed in Fig. 12 . It emphasizes that, increase of Lewis number makes the profile to decrease again due to dependency of this number on Brownian diffusion coefficient. Physically Le expresses the relative contribution of thermal diffusion rate to species diffusion rate in the boundary layer regime. An increase in Le values will reduce thermal boundary layer thickness and will be accompanied with a decrease in solutal concentration profile The characteristics of the influence of modified Dufour parameter Nd on the curves temperature displayed in Fig. 13 . It is recognized that, increasing values of Dufour parameter increases the temperature profile. It is cleared that non-dimensional temperature function are magnify for the enhancing values of Nd. Fig. 14 and 15 we have been depicted to demonstrate the effects of thermophoresis parameter Nt on the dimensionless temperature and concentration profiles. It is revealed that as the thermophoresis parameter Nt increases there is a rise in the three profiles temperature and concentration of the fluid. The effect of nanofluid buoyancy ratio parameter (Nr) on velocity profile depicted in Fig. 16 . Here we can notice that, increase of the parameter Nr makes the velocity pro- file f (η) to decrease and g (η) to increase. An increase in Nr increases the difference of particle density and fluid density, this parameter makes the velocity profile f (η) to decrease along the x-direction. The description of the regular buoyancy ratio parameter (Nc) for the velocity profile depicted in Fig. 17 . It is evident from this figure that, the velocity profile is an increasing function of f (η), whereas is a decreasing function of g (η). Because, increase of Nc makes the volumetric solution expansion coefficient to increase which makes the velocity profile to increase along the direction. Fig. 18 depicts the effect Brownian parameter and thermophoresis parameter on Nusselt number. Nusselt number increases with increase of these parameters respectively. It can be concluded that Nusselt number is a increas- ing function of Brownian parameter and thermophoresis parameter. Fig. 19 depicts the effect of Temperature ratio parameter and Radiation parameter on Nusselt number. Effect of Temperature ratio parameter and Radiation parameter on Nusselt number is similar to effect Brownian parameter and thermophoresis parameter on Nusselt number. It can also be concluded that Nusselt number is a increasing function of Temperature ratio parameter and Radiation parameter.
Conclusion
Double diffusive hydromagnetic three dimensional boundary layer flow of Maxwell nanofluid is scrutinized in the presence of non-linear thermal radiation with Soret and Dufour effects. The impact of various physical parameters are reviewed on different profiles and are summarized as follows:
1.
Velocity profiles decreases for the increasing values of Maxwell parameter.
2.
Velocity profile f (η) and corresponding momentum boundary layer thickness decreases for the stretching rate and nanofluid buoyancy ratio parameter, whereas it exhibits opposite behaviour for the profile g (η). Reverse variations of these results are observed for the mixed convection and regular buoyancy ratio parameters.
3.
Thermal boundary layer is thicker for the effect of Brownian motion, thermophoresis, radiation, temperature ratio and modified Dufour parameters. 4 .
Concentration boundary layer thickness is a decreasing function of Brownian motion parameter and nanofluid Lewis number whereas it is an increasing function for thermophoresis parameter. 5.
Solutal profile increases for Dufour solutal Lewis number but adverse effect can be seen for regular Lewis number.
